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Ant assemblages in the soil have been studied at eight forest sites (4 oak forest sites, and 4 pine forest
sites) in four study areas (1 seminatural area, and 3 industrialized areas) in South Korea for 6 years from
2002 to 2010. Soil cores and Tullgren funnel were used for the ant survey. Ant surveys were carried out
once per year in autumn (from late September to mid-October). The soil pH was lower in the indus-
trialized than in the seminatural area, showing the acidiﬁed soils in the industrialized areas. However,
the soil acidiﬁcation did not inﬂuence the ant assemblages. The results from the nonmetric multidi-
mensional scaling ordination and from the community temperature index values indicate that tem-
perature is a key determinant for structures of the soil ant assemblages. The ant assemblages were not
different according to the forest types (oak forests vs. pine forests). Occurrence of ant species varied
greatly among years, indicating that more replicates and advanced sampling method are needed for the
monitoring of the soil ant assemblages.
Copyright  2016, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Soils are organic and inorganic particles supporting the living
organisms in the terrestrial ecosphere. Soils provide nutrients, air,
space, water, commensal microorganisms for growth of plants, and,
therefore, soil characteristics are one of most important de-
terminants for plant productivity in the terrestrial ecosystems
(Sørensen 1997). Microorganisms such as fungi and bacteria in soils
decompose organic matters, and provide nutrients to plants.
Extremely abundant microanimals in soils feed on the microor-
ganisms and on the decomposing organic matters. Ants are top
predators in the soil ecosystems, and, therefore, may make
cascading effects on the diverse soil organisms through food chains.
Ants dig soils for nests, which provides air and nutrients to soils and
contributes to soil turnover, and harbor many commensals. These
activities increase productivity and biodiversity of soils (Wagner
et al 1997). Therefore, ants are called ecosystem engineers
(Folgarait 1998). Despite their signiﬁcant contributions to soil
ecosystems, ants in soils are usually overlooked for their impor-
tance and roles (Lobry de Bruyn 1999). Recently, ants have been
acknowledged as standard bioindicators for diverse environmentalþ82 2 961 2679.
useum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.changes (Agosti et al 2000). However, most attention is focused on
ground-dwelling, litter-dwelling, and vegetation-dwelling ants
(Agosti et al 2000). Only a few studies of the soil-dwelling ants
(hereafter, soil ants) are found among the huge literatures of ant
assemblages. In Korea, to my knowledge, there is no study specif-
ically designed to ﬁnd characteristics of the soil ant assemblages
despite the long history of Korean ant study.
South Korea has experienced the rapid urbanization and
industrialization since the early 1960s. These would acidify soils
through acid rains in forested areas in this country. However, few
studies on the ecological inﬂuences of soil acidiﬁcation are reported
on soil arthropods (Cho 1999; Kwak et al 1992). In this study, the
primary aim was to ﬁnd characteristics (species composition,
abundance, richness) of ant assemblages in forest soils. The next
aim was to test whether soil acidiﬁcation would inﬂuence the ant
assemblages. In South Korea, pine forests (Pinus densiﬂora) domi-
nated forested areas (about 60%) in the 1970s, but oak forests (27%)
and pine forests (23%) have been balanced since the 2000s as
deforested forests were recovered by Korea’s successful reforesta-
tion program (Bae and Lee 2006). Ant assemblages are known to be
usually independent on forest types (deciduous forests and conif-
erous forests, or tree species; Kwon 2014, Kwon et al 2014b; Floren
and Linsenmair 2001). This ﬁnding was also tested. Through the
national survey on the ground-foraging ants, temperature was
found to be the key factor for distribution of ants (Kwon and Lee
2015; Kwon et al 2014a). This ﬁnding indicates that the soil ant
assemblages were also mainly determined by temperature. This(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
Figure 1. Yearly change of richness (A, number of species) and abundance (B, number
of individuals) of the ant assemblages in eight sampling sites. Environments for the
sites are shown in Table 1. GH¼Gangwha; HC¼Hongcheon; SU¼ Seoul; US¼Ulsan.
TS Kwon / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 138e143 139prediction was also tested, and the inﬂuences of three factors (soil
acidiﬁcation, forest types, and temperature) on the soil ant as-
semblages were compared and discussed.
Materials and methods
Study area
Ants were sampled in the soils in both deciduous and coniferous
forests at four study areas including one seminatural area (Hon-
gcheon) and three industrialized areas (Gangwha, Seoul, and Ulsan)
in South Korea (Table 1). Hongcheon (HC) is the least disturbed
county of the four study areas, with the highest forest proportion in
South Korea. Therefore, it is relatively uninﬂuenced by industries
and urbanization. The altitude of the sampling sites in Hongcheon
was relatively higher than in other areas. Seoul (SU) is the capital of
South Korea and is inhabited by > 10 million people. The sampling
sites were in the Namsan Mountain, an isolated urban forest with
84% of forested area and the biggest city park in Seoul. Gangwha
(GH) is in the western part of Seoul, and its air environment has
been inﬂuenced by the surrounding industrialized areas such as
Seoul and Incheon in Korea and China’s growing eastern industrial
region. The sampling sites were at the foot of Manisan Mountain.
Ulsan (US) is a metropolitan city with heavy industry including
factories for ships, vehicles, chemicals, and oils. Mean annual mean
temperatures (MATs) in the study areas were estimated by the
temperaturemodel of Kwon et al (2012). Mean annual precipitation
is in the range of 1277.1e1450.5 mm (http://www.kma.go.kr;
Table 1).
In each study area, two sampling sites (oakddeciduous, Ddand
pine forestsdconiferous, C) which was 0.5e1 km apart from each
other were chosen. The environmental conditions such as slope,
altitude, and vegetation coverages were similar in oak and pine
forests at the same study area (Table 1). Coverage of the canopy
layer was > 85% in three study areas (Gangwha, Seoul, and Hon-
gcheon), and 40e55% in Ulsan. Coverage of the shrub layer varied in
different areas. Pinus densiﬂorawas dominant in coniferous forests,
whereas Quercus acutissima and Quercus mongolicawere dominant
in the deciduous forests.
Sampling
Ants in soils were sampled for 6 years (2002, 2003, 2004, 2006,
2007, 2010) from 2003 to 2010 with a soil core (diameter 4.8 cm,
depth 5 cm) at each sampling site from late September to early
October. In Korea, soil arthropods are more abundant in surface soil
(0e5 cm) than in deep soil (5e10 cm, 10e15 cm; Cho 1999; Oh and
Kim 2000; Kwak et al 1992). They are also more abundant in
autumn months such as October (Choi 1996; Oh et al 2001; Kwak
et al 1992) because the climate condition in this period isTable 1. Environmental factors of the study site. Annual mean temperatures in the study a
mean precipitations were obtained from http://www.kma.go.kr.
Study area Forest type Site Altitude (m) MAT (C) MAP (mm)
Hongcheon (N37.74686
E128.4368)
Deciduous HCD 805 7.3 1346.7
Coniferous HCC
Seoul (N37.54383
E127.0008)
Deciduous SUD 85 10.4 1450.5
Coniferous SUC
Gangwha (N37.61058
E126.4519)
Deciduous GHD 64 10.3 1405.4
Coniferous GHC
Ulsan (N35.51197
E129.3069)
Deciduous USD 59 12.9 1277.1
Coniferous UDC
MAP¼mean annual precipitation; MAT¼mean annual temperature.relatively stable, with rare occurrence of heavy rains. At each
sampling site,10 soil samples (2 soil cores per sample) were linearly
collected with a 5-m interval between each replicate. A Tullgren
funnel (also known as a Berlese funnel) was used to extract ants
from soil samples with electric light (20W/220V) for 72 hours. The
extracted specimens were identiﬁed to species level using the key
for Korean ant species (Kwon et al 2012).reas that were estimated using the temperature model of Kwon et al (2012). Annual
Coverage (%) Dominant species
Canopy layer Shrub layer Canopy layer Shrub layer
90 80 Quercus mongolica Sasa borealis
85 30 Pinus densiﬂora Spiraea miyabei
98 65 Quercus mongolica Disporum smilacinum
98 60 Pinus densiﬂora Eupatorium rugosum
85 10 Quercus mongolica Rhododendron mucronulatum
95 5 Pinus densiﬂora Kalopanax pictus
40 90 Quercus acutissima Andropogon brevifolius
55 100 Pinus densiﬂora Persicaria perfoliata
Table 3. Results of two-way analysis of variance to test inﬂuence of study area and
forest type on ﬁve soil chemicals.
Category factor Item Soil chemical factors
pH OM TN P CEC
Study area F3, 32 49.162 2.829 20.918 2.908 23.113
P > 0.0001 0.054 > 0.0001 0.049 > 0.0001
TS Kwon / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 138e143140At each sampling site, seven chemical factors, including pH, total
nitrogen (TN; %), available phosphorus (P; P2O5; ppm), organic
matter (OM; %), and cation exchange capacity (CEC; cmolþ/kg),
were measured for soil samples. These soil samples were analyzed
by the Forest Soil Laboratory of the Korea Forest Research Institute,
Seoul, Korea. The soil samples in 2010 were not analyzed.Forest type F1, 32 2.551 4.522 39.65 0.189 4.517
P 0.12 0.041 > 0.0001 0.666 0.041
Study area Forest type F3, 32 2.018 2.826 3.198 0.181 1.136
P 0.131 0.054 0.036 0.909 0.349
CEC¼ cation exchange capacity (cmolþ/kg); OM¼ organic matter (%); P¼ available
phosphorus (P2O5; ppm); TN¼ total nitrogen (%).Data analysis
Abundance (number of individuals) and richness (number of
species) were low and highly variable (Figure 1) between years due
to the irregular occurrence of existent species, so the pooled data
across years were analyzed. Nonmetric multidimensional scaling
(NMDS) was used for the ordination of ant communities of the
eight sites. Singleton species that occurred only oncewere excluded
in NMDS. Ant data for NMDSwas composed of eight samples (sites)
and nine species. Community temperature index (CTI; Devictor
et al 2008) for the four study areas was estimated (abundance-
weighted) using the optimum temperature (equal with species
temperature index, STI) of each species from the data provided by
Kwon (2015, Table S2 in this paper). The values of CTI were esti-
mated using following equation:
CTI ¼
Xn
i¼1Ai Si
.
N (1)
where Ai¼ abundance of species i, Si¼ STI value of species i, and
N¼ number of individuals of total ant species. The values of STI are
calculated using the national ant data in South Korea (Kwon et al
2012), and temperature data were obtained from digital climate
map (grid scale 30 m, average from 1971 to 2008) produced by
Korea Meteorological Administration and National Center for
Agrometeorology (Yun et al 2013). STI was estimated using
following equation:
Xn
i¼1Ai Ti
.
N; (2)
where Ai¼ abundance of site i, Ti¼MAT (C) of site i, and
N¼ number of i species across all sites (N¼ 344). Simple regression
analysis was used to ﬁnd the relationship between CTI and MAT.
Two-way ANOVA (analysis of variance) analysis was used to ﬁnd
whether chemical factors of soils are different between the study
areas or between forest types or by their interaction. The analysis of
variance and regression analysis was carried out using R software
(R version 3.0.3, Institute for Statistics and Mathematics, Vienna
University of Economics and Business, Vienna, Austria), and NMDS
was carried out using PC-ORD version 6.0 (MjM Software, Gleneden
Beach, OR, USA).Table 2. Soil chemical factors at the study sites.
Study area Site Soil chemical factors
pH OM
Hongcheon HCC 5.35 (0.15) 9.28 (1.26)
HCD 5.21 (0.23) 9.79 (1.28)
Seoul SUC 4.38 (0.15) 8.27 (2.41)
SUD 4.51 (0.27) 8.26 (1.35)
Gangwha GHC 4.50 (0.15) 6.92 (0.74)
GHD 4.66 (0.15) 10.35 (1.15)
Ulsan USC 4.46 (0.14) 7.51 (1.54)
USD 4.67 (0.11) 7.68 (1.86)
Values are presented as mean (standard deviation).
CEC¼ cation exchange capacity (cmolþ/kg); OM¼ organic matter (%); P¼ available phosResults and discussion
Soil chemical properties at the sampling sites are shown in
Table 2. The pH values were signiﬁcantly different between study
areas (Table 3). The values are higher in Hongcheong area than in
other areas (Tukey test, p < 0.001), but they were not different
between other areas (Seoul, Gangwha, and Ulsan; Tukey test,
p > 0.05). This indicates that the soils in the industrialized areas
were acidiﬁed. The acidiﬁcation leads to leaching of soil chemicals
(Pitelka and Raynal 1989). The CEC values were signiﬁcantly
different among study area or forest type (Table 3). The values in
the Hongcheon sites were higher than those in Seoul and Ganwha
(Tukey test, p< 0.01), but similar to those in Ulsan (Tukey test,
p> 0.05). The phosphorous content P was signiﬁcant higher in the
industrialized areas than in Hongcheon (Tables 2 and 3). OM and TN
content did not differ between the areas and between the forest
types (Tables 2 and 3).
Ants collected during the survey are shown in Table 4. In total,
751 ants belonging to 19 species were collected. Nylanderia ﬂa-
vipes was most abundant and collected at all the sites except
GHC. This species is a ground foraging species that was easily and
abundantly collected by pitfall traps (Kwon et al 2012). This
species actively forages over the vegetation layer because it is
abundantly collected by sweeping. Aphaenogaster japonica and
Pheidole fervida are also ground foragers rather than litter-soil
foragers, and these species were abundantly and commonly
collected by pitfall traps (Kwon et al 2012). The former species
occurred in all the study areas except Ulsan in the national survey
using pitfall traps (Kwon et al 2012). However, this species
occurred only at HCC and GHD in the present study. P. fervidawas
collected at most sites except Ulsan. Lasius spp. (japonicas and
alienus) are vegetation and ground foragers and open habitat
preferring species (Kwon et al 2013) that mainly feed on hon-
eydews of aphids, was collected only at SUD. However, this
species may live in all the sites (Kwon et al 2012). Themnothorax
nassonovi is also a ground forager, and cold-adapted speciesTN P CEC
0.52 (0.06) 10.81 (7.03) 21.60 (1.93)
0.56 (0.02) 9.58 (5.76) 21.47 (1.06)
0.36 (0.05) 42.99 (25.85) 16.94 (2.31)
0.47 (0.07) 49.43 (70.56) 17.47 (1.38)
0.31 (0.05) 45.00 (48.82) 16.06 (2.41)
0.49 (0.05) 32.65 (16.64) 18.52 (1.96)
0.32 (0.05) 20.39 (12.57) 21.43 (1.69)
0.40 (0.05) 9.50 (5.17) 23.45 (1.34)
phorus (P2O5; ppm); TN¼ total nitrogen (%).
Table 4. Ants collected at the study sites. Species temperature index (STI) is the optimum temperature index of ant species (Kwon 2015). This metric (abundance-weighted) was
used for estimation of community temperature index at the study sites (Figure 3).
Species Year STI Hongcheon Seoul Gangwha Ulsan
HCC HCD SUC SUD GHC GHD USC USD
Aphaenogaster japonica 2002 10.0 10
2010 1
Crematogaster osakensis 2002 11.6 7
Cryptone sauteri 2004 10.0 1
2006 3 3
Hypoponera sauteri 2002 11.4 2 2 2
2003 1 1
2004 2
2006 1 1 5
2007 5 2
2010 7 2
Lasius spp. (japonicas/alienus) 2002 10.7 12
Lasius talpa 2002 7.9 1
Myrmecina nipponica 2002 10.2 1
Nylanderia ﬂavipes 2002 10.8 16 3 2
2003 2 21 4 63
2006 70 63 2
2007 5 18
2010 6 7 25
Nylanderia sakurae 2002 9.9 1
Pheidole fervida 2002 10.0 2 6 1 1
2003 3 4 28
2004 1
2006 1
2007 4 11 1
2010 1
Ponera japonica 2002 9.4 2 5 6 1
2003 1 6 1 12
2004 2 5
2006 1 4
2007 2 1 3 1 1 1
2010 2 4 6 5 1
Proceratium itoi 2006 12.2 2
Ponera scabra 2003 10.3 1
2004 2 1 3 1
2010 1
Pyramica japonica 2006 1
Solenopsis japonicus 2002 11.6 1 7 1 13
2003 3 10
2006 20 9 2
2007 1 3
2010 21 1 9
Stenamma owstoni 2003 7.5 1
2010 2 1
Strumygenys lewisi 2002 11.2 14 3
2003 1 46
2004 1 5
2006 4 9 1
2007 17 11
2010 1 1
Themnothorax nassonovi 2002 8.3 2
Vollenhovia emeryi 2010 10.7 1
Number of species 6 4 7 10 5 7 6 8
Number of individuals 38 14 171 110 132 48 114 124
TS Kwon / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 138e143 141(Kwon 2016). This species may occur at the sites in Hongcheon
and Seoul (Kwon et al 2012), but was only collected at SUD. Other
ground forager species such as Nylanderia sakurae and Crema-
togaster osakensis were only collected at one site (SUC or GHC). In
the present study, species of vegetation-forager specialist such as
Crematogaetr matsumurai, Camponotus nipponensis, and Tech-
nomyrmex albipes were not collected.
Other species except the above seven species are litter-soil for-
agers that are predators preying on the small arthropods or feeder
of root aphid honeydews (Lasius talpa). Ponera japonica was
collected at all the sites. No species except this species occurred at
all sites. Solenopsis japonica is most common species of this func-
tional guild in South Korea, but this species was not collected atHCC, SUC, or SUD. This species is a numerically dominant predator
in the Korean soil ecosystems through the national soil ant survey
(65 sites), so it may be a keystone species that may have a signiﬁ-
cant inﬂuence on determining the community structure of soil
microarthropods. Top-down inﬂuences by top predators may lead
to the cascading change of soil microorganisms such as mites,
springtails, nematodes, protozoa, fungi, and bacteria that play main
roles of organic matter decomposition in forest ecosystems.
Workers of Strumygenys lewisi, a collembolan predator, were
collected at most sites except Hongcheon. It is warm-adapted and
occurred in the temperature range from 7.7C to 14.2C with STI of
11.2C (Kwon 2015). This species do not live in high elevations
(Kwon et al 2012), but will shift upwards due to climate warming
Figure 3. Relationship between community temperature index (CTI) and mean annual
temperature (MAT) in four study areas. Optimum temperature (abundance-weighted)
in Kwon (2015) was used species temperature index (STI) of each species that are used
for estimation of CTI values. Two metrics were signiﬁcantly correlated. MAT values
explained 73% of variance of CTI values in the regression model (adjusted R2¼ 0.726,
F1, 2¼ 8.955, p¼ 0.096; CTI¼ 8.6312þ 0.1913 T). GH¼Gangwha; HC¼Hongcheon;
SU ¼ Seoul; US¼Ulsan.
TS Kwon / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 138e143142(Kwon and Lee 2015). The upward range shifts of this species will
inﬂuence signiﬁcantly collembolan assemblages in Korean
highlands.
Richness and abundance of soil ants were highest in Seoul (12
species, 281 individuals) followed by Ulsan (9 species, 238 in-
dividuals), and Gangwha (8 species, 180 individuals). These values
are lowest in the seminatural area, Hongcheon (7 species, 52 in-
dividuals). This pattern is against the general belief that organisms
are richer in the naturally conserved areas than the industrialized
areas. Therefore, this pattern cannot be explained by the negative
inﬂuence of soils acidiﬁcation due to acid rain. Low richness and
low abundance in the Hongcheon were due to the cool climate in
Hongcheon (Table 1). The signiﬁcant inﬂuence of temperature on
ant assemblages was found in the NMDS ordination (Figure 2) and
the CTI values (Figure 3). In the NMDS ordination, two sites (HCC,
HCD) in Hongcheon were separately grouped from other sites
(stress values for 2 axis ¼ 48.7). Two factorsdtemperature and
pHdwere signiﬁcantly correlated with Axis 2, which separated the
Hongcheon sites from other sites. The CTI values of the four study
areas were signiﬁcantly correlated with MAT. The regression model
with MAT as independent variable explained 73% of variance of CTI
values (adjusted R2 ¼ 0.726, F1, 2 ¼ 8.955, p ¼ 0.096;
CTI ¼ 8.6312 þ 0.1913  MAT).
However, the inﬂuence of forest types on the soil ant assem-
blages was not signiﬁcant. The NMDS ordination shows that ant
assemblages were not clustered according to forest types (Figure 2).
All ant species that occurred at more than three sites were collected
at both oak and pine forest sites (Table 4), showing that ants do not
prefer speciﬁc forest types (oak forests or deciduous forests). This
weak relationship with forest types is commonplace for ant as-
semblages. In the Gwangneung forest, ant assemblages were not
different between the oak and pine forests (Kwon 2014; Kwon et al
2014b). The tropical arboreal ant assemblages were not inﬂuenced
by tree species, but signiﬁcantly by vegetation structure such as
crown closure and understory coverage (Floren and LinsenmairFigure 2. Two dimensional ordination of eight sampling sites using nonmetric
multidimensional scaling. The vectors of environmental factors indicate correlation
between the factors and two axes. Environments for the sites are shown in Table 1.
GH¼Gangwha; HC¼Hongcheon; SU¼ Seoul; US¼Ulsan.2001). In recent studies on climate change biology, CTI was
increasingly used to ﬁnd inﬂuence of climate warming of animal
communities such as butterﬂies and birds (Devictor et al 2008;
Jiguet et al 2011; Lindström et al 2012; Roth et al 2014). However,
to my knowledge, CTI was not used for ant assemblages. Kwon
(2015) showed that proportion (richness and abundance) of
warm-adapted species increased in ant assemblages as tempera-
ture increases. The results of the present study as well as those of
Kwon (2015) show that CTI will be helpful to ﬁnd inﬂuence of
climate warming on local ant assemblages. The CTI values of local
ant communities will increase if temperature increases (Devictor
et al 2008; Roth et al 2014).
Ants of the litter-soil foraging guild are abundant in the health
forests of which litter layer was well developed. This functional
guild is same with the cryptic species of the Anderson’s functional
guilds for the Australian ant species (Anderson 1997). These ants
are more abundant in forests than in open habitats such as grass-
lands, forest gaps, and forest edges. Therefore, when a forest was
disturbed by forest pests and/or heavy rainfalls, ants of this func-
tional guild decreased (Kwon et al 2014), showing the possibility of
bioindicator for forest disturbance. However, the highly variable
occurrence of ant species harboring soils (Figure 1 and Table 4) is
against the common sense that biotic components may be also
stable in the occurrence due to the stable soil environments. The
highly variable occurrence may be partly due to the low collections
of ants in the present study. Soil cores or quadrats are not efﬁcient
sampling methods for estimating the contribution of ants to soil
ecosystem functioning (Lobry de Bruyn 1999). More studies are
needed for selection of a more efﬁcient sampling method (core or
quadrat size, number of samples, etc.) of soil ants. This study shows
that density of ants is low in soils, indicating that more replicates
and a larger sampling area would be needed for the survey of
endogeic ants. Ant species collected in the present study can be
classiﬁed as three vertical types: epigeic (soil surface), anecic (litter
and soils), and endogeic (in soils) (Lobry de Bruyn 1999). The
TS Kwon / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 138e143 143epigeic species such as N. ﬂavipes and P. fervida are mainly found in
the ground from spring to autumn, and hibernate in soils during
winter. Therefore, their collection from soils may be seasonally
different, beingmore abundant in cool season than inwarm season.
Most species collected may be anecic, but two bleached (yellowe
white) species (Hypoponera sauteri and L. talpa) and a very small
species (Soleopsis japonicas) may be endogeic. These suggestions
should be tested on the population level because the signiﬁcant
evidence for the vertical habitation is not present on these species
as well as other most species.
Although pH seems to have signiﬁcant inﬂuence on ant as-
semblages in soils in the NMDS ordination, its inﬂuence on ant
assemblages is doubtable. The impact is an artifact that was caused
by the high negative correlation between pH and temperature
(Figure 2). The high correlation between CTI values and MAT values
indicates that ant assemblages in soils are mainly determined by
temperature. This ﬁnding was repeatedly reported in ground
foraging or litter-dwelling ant assemblages in the temperate re-
gions (Sanders et al 2007; Kaspari et al 2004; Kwon et al 2014a). In
the present study, annual variation of CTI values cannot be analyzed
due to the high yearly variable occurrence. The CTI values of soil ant
assemblages will increase as temperature increases as well as the
cases of butterﬂies and birds (Devictor et al 2008; Roth et al 2014).
However, the change rate in the CTI values will be different ac-
cording to the vertical habitat layers: arboreal, epigeic, anecic, and
endogeic. Ant assemblages under soil surface would respond more
slowly to climate warming than those above soil surface due to the
temperature buffering effect of soils.Acknowledgments
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